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The infiltration mechanism of nitrate into soils and groundwater pollution
By
Hae-hoon LEE, Norihiko MIURA, Yoshimitsu MATSUO
Abstract: The concentrations of nitrate in wells of East Matsuura Peninsula are nearly to drinking water
standard and some of them exceed it. The laboratory test was performed using the (local) field soils, and
the influence of nitrate on the soil was investigated. Treatment with nitrate resulting in: the repulsion forces
between particles were reduced, leading decrease in the voids ratios, the diffuse double-layer was decreased
causing more open channels for free water flow; hence leading to higher permeability of soil and accelerate
groundwater pollution. As a result of conducting in-situ investigation in a farm field in addition to it, high
nitrate concentration was checked with deep depth. This is because soil was hard to adsorb since nitrate ex-
isted with the form of anion, and it has infiltrated with a flow of the water in the soil by rainfall.
Key words: Nitrate; nitrogen; contamination; infiltration; groundwater; CEC; permeability; in-situ test.
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Fig.1 The nitrate concentration over a 4-year monitoring period at some
of the experimental sites in East Matsura Peninsula.
Fig.2 Variation of IP&WLfor the soils for the untreated
and nitrate treated.
Photo 1 Homoionic Soil Samples
Table 1 The physical properties of soils investigated.
Speciments GS
Atterberg limits（％）
WL WP IP If
Kouda ２．６０ ４７．０ － １８．４ ５．９
Bentonite ２．７２ ３１０．０ ４８．６ ２６１．４ ３４．３
Kaolinite ２．６１ ５３．８ ２７．７ ２６．１ ８．３
Fukudomi ２．６０ １３４．４ ４５．０ ８９．４ ２１．８
４４ 李 海勲，三浦 哲彦，松尾 良満
Fig.3 Schemetic diagram;the effect of nitrate on double
layer and water flow.
Fig.4 Consolidation curves for Kouda soil and its treated.
Fig.5 Consolidation curves for bentonite and its treated.
Fig.6 Consolidation curves for kaolin and its treated.








Na+ K+ Mg２＋ Ca２＋ Fe３＋ Mn３－ Al３＋ CEC
Natural Kouda soil ５．４４ ６．６５ １．５０ ０．６０ １．８２ １１．９８ ０．０１８ ０．７８ ０．２６ １６．９６
Nitrate-treated Kouda soil ６．６５ ６．９０ ０．８６ ０．１５ ０．１９ ２．１７ ０．０１６ ０．８５ ２．１８ ６．４２
Percent of changing ２２％ ４％ －４３％ －７５％ －８２％ －８９％ －１２％ ９％ ７５０％ －６２％
Bentonite clay ３３．４０ ９．６０ ３３．１２ ３．８０ ８．３３ ２３．４５ ０．０１６ ０．１３ ６８．８５
Nitrate-treated bentonite clay ２９．６０ ９．２０ ３．１８ ０．８２ １．６３ ２５．１３ ０．０１４ ０．０７ ０．３２ ３１．１６
Percent of changing －１１％ －４％ －９０％ －７８％ －８０％ ７％ －１７％ １３９％ －５５％
Kaolin clay ６．６４ ４．０１ １．８２ ０．２４ ０．１０ １．２３ ０．１１８ ０．２３ ３．７３
Nitrate-treared kaolin clay ６．５３ ６．７１ １．２９ ０．２１ ０．３５ １．８７ ０．０１４ ０．１６ ３．５８
Percent of changing －２％ ６７％ －２９％ －１３％ ２５１％ ５３％ －８８％ －３１％ －４％
Fukudomi clay ５５．０６ ４．３５ ２．５６ ３．２６ １９．５５ ９．３３ ０．７５２ １．２７ ０．３８ ３７．１１
Nitrate-treated Fukudomi clay ６５．０２ ５．２８ ２．７１ １．０８ ３．９４ ６．２２ ０．４７３ ０．４５ ０．２６ １５．１３














現 場 調 査
本現場は佐賀県東松浦郡に所在する畑である．ここ
は長期間にわたり化学肥料が使われ井戸水採集結果で
Fig.7 Consolidation curves for Fukudomi and its treated.
Fig.8 Coefficient of permeability versus void ratio plot
for Kouda soil and nitrate treated Kouda soil.
Fig.9 Coefficient of permeability versus void ratio plot
for bentonite and nitrate treated bentonite.
Fig.10 Coefficient of permeability versus void plot for
kaolin and nitrate treated kaolin.
Fig.11 Coefficient of permeability versus void ratio plot
for Fukudomi and nitrate treated Fukudomi.







































































Fig.15 NO3-N vertical distribution.






Cation concentration Anion concentration
Na+ NH４＋ K+ Mg２＋ Ca２＋ Cl－ Br－ NO３－ PO４２－ SO４２－
（ppm）（ppm）（ppm）（ppm）（ppm） （ppm）（ppm）（ppm）（ppm）（ppm）
B.H１
０．２ ２４．６ ０．１ ５３５．３ １４．１ ５４．２ ２０８．９ ０．１ ５３．３ ０．１ ３８．６
１．５ ４７．３ ０．０ １０．２ ９．９ ３０．９ ５２．７ ０．２ ３７．０ ０．１ １２６．５
２．５ ３８．７ ０．０ ５．４ ４．５ ９．８ ２２．４ ０．１ ３０．８ ０．０ ５１．２
３．５ ３３．１ ７．２ １６．２ ６．４ ８．３ ３６．１ ０．２ ６３．４ ０．１ ４５．０
４．５ ４７．４ ０．８ １９．１ ５．９ ７．３ ５１．７ ０．１ ８２．７ ０．０ １６．８
５．５ ４４．８ ０．４ １２．９ １１．０ ７．８ ５７．４ ０．１ ８９．９ ０．２ ２０．７
６．５ ２９．４ ０．２ １０．０ ６．９ ６．７ ３１．０ ０．１ ５４．２ ０．０ ２４．９
７．５ ３２．２ ０．２ １１．９ １０．２ ８．３ ４１．４ ０．１ ７８．５ ０．１ ２５．０
８．０ ６８．４ １０．６ ５８９．９ ４５．８ ５０．９ １０７５．８ ０．５ ４６．６ ０．３ ４２．０
９．０ ２９．４ ０．２ １０．６ ８．９ ５．７ ４６．２ ０．１ ８２．９ ０．１ １．１
９．５ ３１．２ ０．３ １０．２ ８．９ ４．８ ４３．７ ０．１ ８４．８ ０．０ １．０
B.H２
０．５ ２６．４ ０．４ ２３４．２ ４．４ ２９．１ ３７７．６ ０．２ ３．２ ０．０ ２０．２
１．５ ２４．６ ０．２ ３．２ １．３ ６．６ ２３．１ ０．１ ７．４ ０．１ ２９．７
２．５ ２１．９ ０．２ ３．３ ２．８ ８．４ １９．６ ２．２ ０．１ ４５．２ ０．０
３．５ ２２．５ ０．２ ２．８ ５．０ ８．１ ２０．５ ０．１ ３．０ ０．０ ５１．２
４．５ ２４．４ ０．２ ３．９ ５．７ ５．５ ２７．０ ０．１ １１．１ ０．２ ３６．１
５．５ ２７．６ ０．２ ２．６ ３．７ ２．８ ２９．３ ０．１ １４．２ ０．１ ２１．１
６．５ ２６．１ １３．８ ４．３ ６．８ ３．６ ３１．０ ０．１ ７８．５ ０．２ ２４．２


















k=0.66×d 2×log (2 L/D)×m/L
被圧地下水










Fig.18 Change of precipitation and nitrate-nitrogen concentration with the passage of time.
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